Abstract The Duwi Formation in the Quseir-Safaga area is conformably overlain by the Quseir variegated shales and underlain by the Dakhla shales. Detailed mineralogical and geochemical studies were carried out on the middle member of the black shales of the Duwi Formation in QuseirSafaga province to infer their source rocks, paleo-weathering and provenance of the sources. The studied black shales are highly fossiliferous and fissile. They are texturally classified as phosphatic marly mudstone microfacies. Mineralogically, they are composed mainly of calcite, apatite, quartz, pyrite and clay minerals. The studied clay fraction reveals that the well-crystalline Namontmorillonite is the dominating clay mineral with mixed layer montmorillonite-illite and minor kaolinite. These shales could be used as a source for the sodium bentonite. The studied black shales are highly mature, detrital and authigenic in origin. They are most probably derived from basic volcanic rocks by intensive chemical weathering. The provenance constituted a part of passive and active continental margins similar to those the Devonian/Mississippian shales in USA. The Cretaceous black shales of the Duwi Formation in Quseir-Safaga area are part of Mes-Neoarchean Shales, and are typically comparable to the Archean Shale Average.
Introduction
The Carbonaceous black shales have a wide distribution on the Egyptian surface and subsurface sedimentary sequences such as Carboniferous, Jurassic, Cretaceous, Paleocene and Eocene. The phosphorites are intercalated with and capped by black shales. They contain considerable amounts of organic matter and enriched in the trace elements; which may be of economic potential. The sedimentary rocks are of shallow marine origin with some lateral and vertical lithological changes, in which the phosphate deposits are, intercalated [1] . In Egypt, shales occur in an east-west trending belt extending from the Quseir-Safaga district along the Red Sea to the KhargaDakhla land-stretch passing through the Nile Valley. The black shales are hosted mainly in the Campanian to Maastrichtian Duwi and Dakhla formations. The compositions of shales could provide information on the tectonic setting, provenance, weathering conditions, diageneses and sediment recycling.
Black shales, with a wide global distribution, were mainly deposited in relatively deep, anoxic basins [2] ; where sediment accumulated most of the times very slowly. Black shales are often enriched not only in OM (organic matter) but also in trace elements like Co, Cr, Cu, Mo, Ni, V, Mn and Zn. These elements usually show positive correlation with OM and/or sulfides. Because of high organic carbon and sulfide contents, black shales are subjected to alteration when exposed, and mining in shales throughout the world has accelerated the weathering of these sedimentary rocks. The weathering can disperse the toxic metals hosted in the shales; and thus, some metals can be lost from shales and others are enriched.
In the present study the focus is on the geochemical composition of the black shales of the Duwi Formation in the QuseirSafaga area, Red Sea coast; in an effort to recognize its provenance, weathering, diageneses, and the depositional environment, and to correlate it with the published data of the black shales at different localities and ages. These factors are evaluated using major, -trace, and -rare earth element (REE) data, weathering indices, elemental ratios, and other geochemical indicators. To achieve this goal, 12 samples from the middle member of the Duwi Formation were selected to represent the black shales in the studied area. The chosen area is located at Longitudes 34°03 0 12 00 -34°03 0 24 00 E and Latitudes 26°11 0 27 00 -26°11 0 37 00 N ( Fig. 1 ) [3] .
Geology
The Duwi Formation is divided into three members. The formation in the Quseir-Safaga region is of Campanian age in its lower part and Maastrichtian in the upper part [1] . Baioumy and Tada [4] classify the Duwi Formation in the Red Sea area into four members. The middle member ranges in thickness from 5 to 12 m. It is characterized by soft, yellowish-gray laminated shales. They are intercalated with 2-25 cm-thick, yellowish-gray, massive, hard, coarse-grained siliceous phosphorites. The Duwi Formation in the Quseir-Safaga coastal region comprises a heterogeneous suite of shallow marine rocks that overlie the Quseir Variegated shale and underlie the Dakhla shale. The formation consists of phosphorite, shale, siliceous claystone, glauconitic sandstone, chert, dolostone, marl and reefal limestone. The studied middle member of this formation is composed of dark gray, highly fossiliferous and fissile shales. The breakdown of organic matter and pyrite increases the fissility. The dark color can reveal the presence of more than 1% organic matter (maceral).
Petrography
The studied samples are described as phosphatic marly mudstone microfacies. They are characterized by their black color, and phosphatic with high fossil content. The bioclastics are represented by planktonic foraminifera (such as: globigerina), gastroboda, algae and organic matter (maceral) scattered in micritic matrix (Plate 1A). The abundance of planktonic foraminifera gives evidence of middle to inner shelf marine environment. Apatite is the main constituent of the phosphatic sedimentary rocks in the studied samples. It is represented by biophases (bone fragments, spines and teeth of vertebrates such as fish) and collophane which is isotropic and occurs as grains, peloids and coprolites (Plate 1B-D). Framboidal pyrite is disseminated in irregular masses and clusters of different shapes and sizes (Plate 1A). The dominant occurrence of the framboids, particularly the clustered forms in shales, tends to indicate a biogenic origin as a consequence of the bacterial reduction of seawater sulfate. Framboidal pyrites are resulting from the weathering and diagenetic processes [5] . The sediments were subjected to early and late diagenetic stages. The early diagenetic effects on organic matter decomposition of carbonaceous rocks in anoxic environment affect the related biogeochemical proxy. Planktonic foraminiferal abundances decrease as organic matter increases revealing that the lithology shifts from bioturbated light gray shale to laminated black shale [6] . Black shales are deposited predominantly in oxygen minimum zones, where depositional environments are characterized by low current speeds and low oxygen levels; favoring the preservation of organic matter. Abou El-Anwar and Gomaa [7] mentioned that the electrical properties of the black shales of the Duwi Formation are changed due to many factors such as grain size, mineral composition, grain shape and intergranular relations between grains.
Mineralogy
X-ray patterns revealed that the dominating clay minerals in the studied clay fraction are mainly montmorillonite, mixed Figure 1 Geological and location map of studied area (modified after [3] ). layer montmorillonite-illite and minor kaolinite. The predominant montmorillonite is most probably of Namontmorillonite as indicated from XRD (2h 6.98 and 12.68 d-spacing); which is comparable to the bentonite composition (2h 6.96 and 12.67 d-spacing). SEM examination of the shale samples confirmed the dominance of montmorillonite (Plate IIA-C) and the mixed layer of montmorillonite-illite (Plate IID). The montmorillonite occurs as detrital and authigenic origin (Plate IIA-D). The abundance of montmorillonite refers to deposition under marine environment and, suggested the warm/humid climate. The X-ray diffraction analysis of the studied bulk samples revealed that they are composed mainly of calcite, fluorapatite (francolite), quartz and pyrite. The presence of calcite in the studied samples and the fossil forams from the petrographic studied may indicate that the deposition of these shales were in a marine environment. Pyrites occur as framboids, are extensively pseudomorphosed and formed as authigenic. The framboids (4.5 lm) are indicating the prevalence of the reducing condition during the deposition (Plate II: C and D); which agrees with the petrographic study. Thus, the highly pyritic shales must have formed under euxinic condition. Pyrite as spheres may be a sign indicating shallow water on submarine in shelf settings.
Geochemistry
Geochemical composition of the major, trace and some rare earth elements for the studied black shales, along with their ratios are shown in (Table 1) . Meanwhile, the interrelationship between major and trace elements are given in (Table 2 ). The major and trace elemental compositions of the shales in this study are compared with the published average compositions of shales in the world, (Tables 3 and 4).
Organic richness
The black shales for the studied middle member of the Duwi Formation have higher organic matter (OM) contents averaging 17.8%, ( Table 1) . It is comparable to the Late Cretaceous Neger ($18%), [8] ; which reveal high organic input and good preservation. This value is relatively comparable to those values of the marine black shales of the Red Sea area 16.6% [9] . However, it is obviously higher than the compared values for the average of the Duwi Formation and Dakhla Formation (0.95% and 1.33%; respectively); recorded by [10] and (4.35%) of the transgressive Dakhla Formation [11] . In the black shales of the Upper Cretaceous Duwi Formation in Safaga-Qusier area, organic matter is mostly derived from marine algae, plankton and benthic communities comparable to those of the Lower Cambrian black shales in China and Late Cretaceous in Neger [12] and [8] ; respectively. Moreover, the combination of TOC with foraminiferal assemblage can be used to infer the relative contribution of surface water productivity, burial efficiency and diagenetic processes.
The positive correlations between OM and both Cu and Cd (r = 0.83 and 0.83; respectively), revealed that the organic matter played an important role in the selective fixation of some trace elements (Table 2) . Also, the positive correlations between OM and Si, Al and Ca (r = 0.96, 0.86 and 0.98; respectively), indicated that they were associated with the clay minerals. The high losses of ignition ($40%) revealed that the presence of large amounts of organic matter. The microorganisms in black shales revealed the effect of the organic matter during the chemical weathering [13] . Typical oil-prone, marine source rocks contain 2-5% TOC (total organic carbon = total organic matter), however, strata in the range of 10-20% are known to occur in high yield petroleum systems [14] . Consequently, the studied black shales can be classified as a good to excellent source, similar to Lower Silurian shales in China [15] . The organic matter derived mainly from algae and phytoplankton organisms. These deposits reveal the highest TOC contents, which is indicative of marine organic matter. TOC/ S ratios significantly above 2.8 suggest sulfur limitation and reduced salinity [16] . Sulfur contents (7.24%) and TOM/S ratios (2.46) are recorded in the studied shale samples (Table 1) . This indicates oxygen restricted conditions similar to those in the marine Carboniferous shales in Britain [17] .
Comparison with other black shales in the world
All major and trace elements show relatively uniform distribution in the composition. The concentrations of CaO, Fe 2 O 3 and P 2 O 5 (21.4, 3.61 and 3.42%; respectively) are higher than those reported by Taylor and McLennan [18] for both the Table 1 Chemical analysis data of major oxides (%) and trace elements (ppm), IVC, CIW, CIA and elemental ratios of the studied black shales. Mineralogical, petrographical, geochemical, diageneses and provenance Upper Continental Crust (UCC) and the Post Archaean Australian Shale (PAAS). SO 3 ranges from 7.08% to 8.1% with an average of 7.24%, and P 2 O 5 ranges from 3.22% to 3.6% with average 3.42% (Table 1) . The values are higher than the averages of the black shales recorded for Devonian, China [19] , Devonian/Mississippian, USA [20] , Cretaceous of Namibia, Gulf Californian and Peru margin [21] , Protozoic, Mangampeta for India [22] and Protozoic, North Tibet [23] , Table 3 and Fig. 2 . However, SiO 2 averaging 15.89% represented the lowest value as major element compared to those averages for the different localities and ages (Table 3 and Fig. 2) . Fe 2 O 3 value for the studied black shales ranges from 3.32% to 3.91%, averaging 3.61%. The content is lower as compared with the values reported for Devonian/Mississippian, Kentucky [20] , Table 3 . However, it is relatively comparable to the average values for the other ages listed in Table 3 and Fig. 2 . This concentration is controlled by hydrothermal leaching or additions of Fe, consistent with reduced fluids. The high positive correlation between Fe 2 O 3 and Sr (r = 0.99, Table 2 ), indicates that the studied shales were deposited under control of bacterial activity [24] [25] [26] [27] [28] .
Sr is relatively abundant in the studied black shale samples, at an average of (677 ppm). It is higher compared to those values in Table 4 and Fig. 3 . The high Sr content may have been concentrated by aragonitic fossils and shells, as well as by the primary apatite in bones and teeth of vertebrates [29, 30] . It is in conformity with the petrographic and X-ray results.
Se is averaging 44 ppm in the studied black shales, ( Table 4 ). The selenium is a typical dispersed element with a low crust concentration ($0.05 ppm). Terrigenous input and volcanic activity are possible sources for Se and the other metals such as V, Ni, Mo, Cu, Mo and Zn in black shales. Consequently, the secondary hydrothermal or supergene solutions are a good marker for the enrichment in the studied black shales [31] .
The enrichment of the trace elements in marine sediments may, in general, originate from diagenesis, hydrothermal input, eolian input, fluvial runoff or sea water. The diagenesis, sea water and the hydrothermal input are relative importance sources for the trace element sources of the studied black shales. The trace element content; Cr, Ni, V, Sr, Zr, Se, Mo Devonian, China [17] , Devonian/Mississippian, USA [20] , Cretaceous of Namibia, Gulf Californian and Peru margin [21] , Protozoic, Mangampeta for India [22] and Protozoic, North Tibet [23] , PAAS = average Post-Archaean Australian Shale [18] and UCC = Upper Continental Crust [18] . Note: n.a. = not available. [32] , Devonian, Chain [19] , Devonian/Mississippian, USA [20] , Cretaceous, Namibia [21] , Cretaceous Gulf California [21] , Cretaceous Peru [21] , Protozoic Mangampeta for India [22] , Protozoic for the north Tibet [23] , PAAS = Average Post-Archaean Australian Shale [18] , UCC = Upper Continental Crust [18] , Heavy Metals mean in the Worldwide Soils [33, 34] . Note: n.a. = Not available.
and the organic matter of the studied black shales are enrichment in the studied black shales than those of the other localities and ages, as well as the published standard values (Table 4 and Fig. 3) . However, the Cenomanian/Turonian boundary level recorded the highest concentrations of Zn, Cu, Cd and As [32] ; Mn content for Devonian, Sunbury [20] ; Pb for Devonian/Mississippian, Kentucky [20] ; Rb for the Protozoic Mangampeta for India [22] and Y content for Protozoic for the north Tibet [23] . The redox-sensitive and chalcophilic trace elements such as Cr, V, Cu, Zn, and Mo were bound to OM. However, As, Cd, Cu, Ni, Zn, Zr, Mn, and Se were coprecipitated as sulfides. Thus, during deposition of the OM and sulfides for the studied black shales, the trace elements may have efficiently transferred from seawater to the sediment. The heavy metals; Ni, Cu, Zn, Cr, Pb and Cd in the studied black shales are more enriched than those for the Worldwide Soils [33, 34] , and the published standard values ( Table 4 ). The trace elements are mobilized in suboxic sediments and may subsequently escape to the water column. In the case of Duwi Formation, this may lead to a transfer of trace elements from the sub-oxic shelf and slope sediments to the seawater, and subsequently to anoxic sediments in the deeper parts of the basin. This is similar to Posidonia in Germany, Cenomanian/Turonian boundary level and Devonian/Mississippian in USA.
The lower trace element content (Ni) in Devonian for China [19] ; (Cr and Cu) of the Gulf California [21] and (Zn) of India [22] may be explained by the absence of free H 2 S in the water column; plankton is the only source for most trace elements.
Transition metal contents
Shale Cr and Ni contents of Duwi Formation plot with Mesorchean shales, overlapping Neoarchean shales (Fig. 4) , are typically comparable to the Archean Shale Average [35] . However, the Cr and Ni contents of the studied samples are higher than the other countries and ages listed in Table 4 and (Fig. 4) . Many Phanerozoic kerogen rich black shales are characterized by elevated abundances of V and Ni. These metals appear to be microbiologically accumulated, and reveal the diagenetic effect of the kerogen [20, 36] . In terms of Cr and Ni, secondary input has likely shifted the samples from the post-Archean to the Mesorchean and Neoarchean field (Fig. 4) . According to Abanda and Hannigan [36] the organic fraction of black shales has contents of V up to (104 ppm), Cr (447 ppm), Co (169 ppm) and Ni (197 ppm). Thus, the bioaccumulation of some trace elements from the sea water by microorganisms may also apply to these shales, leading to the enrichment by the trace elements.
Source rocks
The concentration of the transition metals is used for characterizing the nature and composition of the source rocks. The mafic rocks have higher Cr, Ni, Cu, Zn and V concentrations as compared to those of the felsic rocks. Consequently, the higher contents of Cr, Ni, Cu, Zn, and V as well as Sr (average of 7323, 375, 215, 1167, 2113 and 677 ppm; respectively) in the studied samples can be attributed to the abundance of mafic volcanic rocks in the source rocks and intensive chemical weathering [37, 38] . The positive correlation between Cr and Ni (r = 0.34) and the Cr/Ni ratios (1.99) revealed that mafic components from the basement source rocks accumulated during weathering. They are probably derived from the basement terrians in the Red Sea Hills and transported via Wadi Quleh.
The high enrichment of certain trace elements in sedimentary rocks; V, Zn, Cr, Ni, As, Sr, Mo, and Cd, are believed to be related to the hydrothermal activity [39, 40] . The enrichment of these trace elements in the studied black shales indicated that the depositional process may have been coupled with submarine hydrothermal activity derived from ancient, mafic rocks; which is similar to the lower Cambrian black shales [12] . On the other hand, the contents of the zirconium in the studied black shales are averaging 886 ppm and the TiO 2 /Zr ratios are ranging from 2.42 to 21 averaging 7.18. These revealed that a felsic source rock, most probably considered as an additional source rocks, is similar to those of the Protozoic Mangampeta for India [22] and the Lower Cambrian in south China [12] . The enrichment of Zr may be attributed to the granite and the Nubian sandstones transported from Wadi Quleh. In fact, here it is suggested that the study area was subjected to intensive chemical weathering, due to the incorporation between these trace elements and organic matter, and most probably causing high concentration of them. Mineralogical, petrographical, geochemical, diageneses and provenance
Climatic conditions and sediment maturity
The original characters and maturity of the sediments together with the prevailed climatic conditions can be recognized by calculating ICV (Index Compositional Variation) proposed by Cox et al. [41] :
The ICV tends to be the highest in minerals high in the weathering intensity and decreases in more stable minerals. The ICV decreases further in the montmorillonite group clay minerals and is lowest in the kaolinite group minerals [41] . In addition, the more mature shales exhibit low ICV values (<1.0). For the studied shales, the calculated ICV values range from 0.82 to 1.0 (average 0.92), indicating high maturity ( Table 1 ). The K 2 O/Na 2 O ratios are ranging from 3.21 to 3.75, averaging 3.48. These ratios reveal the high maturity of the studied black shales [42] , (Table 1 ). This conforms with the ICV values. The K 2 O/Na 2 O ratios are comparable to those of sediments from passive margins, which increase with maturity of rocks [43] .
Provenance
The type of the provenance of sedimentary rock depends largely upon its tectonic setting. The chemical analyses of the clastic sediments can be used for the determination of provenance, tectonics and weathering in the source region [43, 18, 44] . Roser and Korsch [45] proposed a tectonic classification based on SiO 2 content and K 2 O/Na 2 O ratios. Plotting of the values for studied shale samples in this diagram revealed that the samples fall in the contact of the passive and the active continental margins (Fig. 5) . On the other hand, the Al 2 O 3 / TiO 2 ratios for the studied black shales range from 15.15 to 16.73 averaging 16.04. This revealed that these samples are related to intermediate igneous rocks [46] , which conform with Fig. 5 . Consequently, the studied black shale samples related to the passive and active continental margins of provenance and originated from the recycling of older sedimentary and metamorphic rocks.
Chemical mobility and weathering trends
The chemical composition of the weathering products in a sedimentary basin is expected to reveal the mobility of various elements during weathering [47] . The Chemical Index of Alteration (CIA) and the Chemical Index of Weathering (CIW) provide information on the intensity of chemical weathering the sediments have undergone Nesbitt and Young, [48] , and are calculated as:
The CIA values in the studied samples range from 78.71 to 88.75, averaging $88 ( Table 1) . The CIW values range from 94.96 to 95.55, averaging $95 (Table 1 ). These averages revealed the high intensive chemical weathering [48, 49] . Both the indices are higher than those of the UCC (56.93 and 65.24; respectively), and the values of the PAAS (75.3 and 88.32; respectively), [18] . Thus indicating a strong weathering condition; this implies humid paleoclimate [50] . The combination between the Index of Compositional Variability (ICV) and the Chemical Index of Alteration can be used to evaluate the sediment maturity and weathering intensity [37] . The studied black shales have average ICV (0.92), and CIA 88.16%. This confirms that the studied shales are geochemically highly mature, and were derived from intensively weathered source rocks, which are comparable to the Devonian/Mississippian shales (Fig. 6) . The studied shale samples have an average Rb/Sr ratio of 0.047, (Table 1 ). This value is lower than that of the average UCC (0.33) and is relatively comparable to PAAS (0.08). This suggests that the degree of the chemical weathering of the source rocks was relatively comparable to the PAAS values [50] .
Depositional environments
The studied shale samples are markedly enriched in the redox sensitive trace elements; vanadium, zinc, chromium, strontium, molybdenum, nickel, cadmium, selenium and arsenic; averaging 2113, 1167, 7323, 677, 647, 375, 228, 35 and 17 ppm; respectively, Table 4 . The V/Cr ratios for the studied black shale samples are averaging 3.22 (Table 1) , which revealed that Figure 5 Plots of the studied shales on the diagram adopted by [45] . Figure 6 CIA verses IVC for the studied shale samples.
it was deposited under anoxic conditions [51, 52] . This enrichment is similar to those of Cenomanian/Turonian boundary level [32] , Posidonia in Germany [53] , Devonian/Mississippian black shales in USA [20] and the non-marine hot shales of the Upper Triassic in the Ordos basin, in China [54] . The high concentrations of V, Zn, As, Cr, Ni, Mo, Cd, Se and Sr in the studied shale samples are comparable with those values of the modern black mud directly associated with marine hydrothermal vents. Fe/Ti for the study shales is 12.76, which is consistent with hydrothermal input as well [19] . Consequently, the studied black shales most probably resulted from mineralization by the hydrothermal solution, which is in agreement with findings of Devonian, Posidonia and the Cenomanian/Turonian boundary level black shales. The sulfur contents average 7.24%. Recognition of sulfur in the form of framboidal pyrite suggests microbial activity under euxinic conditions. The V/(V + Ni) ratios (0.86) for the studied black shales revealed that they were deposited under relatively euxinic conditions [55, 56] . High Mo concentration in the Cretaceous Duwi Formation (average 647 ppm) may infer euxinic conditions prevailing during sediment accumulation, comparable to Devonian/Mississippian black shales in USA [20] ; the Cretaceous of Gulf of California [21] ; Posidonia in Germany [53] ; Cretaceous/Tertiary boundary level [32] , and those in the Black Sea [56] .
The Mo/Al ratios in the studied black shales range from 602.3 to 718.9, with an average 654.4 (Table 1) . This is obviously higher than the PAAS shale standard value (0.10, Taylor and McLennan, [18] ). This revealed that the Mo enrichment in the black shales occurred under anoxic conditions, [57] . Such conditions can only result from anaerobic bacterial activity. High Mo values and intermediate degree of pyritization (10-40% from the petrographic study) acts as a new geochemical tool to indicate conditions associated with the presence of microbial mats [30, 8] .
The investigations of OM and trace elements suggest that multiple sources along with submarine hydrothermal and biological contributions might be responsible for the formation of the V, Zn, Cr, Ni and Mo in the studied black shales; similar to those the Lower Cambrian Niutitang Formation, black shales [12] . Consequently, the studied black shales deposited under relatively euxinic to anoxic marine conditions, coupled with hydrothermal solutions.
Environmental impact
The black shales usually have a high content of organic carbon and sulfides and are important hosts for a remarkable collection of ore metals such as Co, Ni, V, U, Mo, Mn, P, and the platinum group elements [2] . Because of their high organic carbon and sulfide contents, black shales are susceptible to alteration when exposed. The weathering of black shale is important because of dispersion of toxic metals and the production of acid mine drainage that may affect the ecosystem due to oxidation of sulfides. Such chemical changes are generally explained by mineral dissolution, secondary mineral formation, cation exchange, and loss and gain of amorphous oxide phases. Many metals (including Cd, Co, Mn, Mo, Ni, U, Zn, and the platinum group elements are lost from shales and others are enriched in soils derived from the shales [58, 2] .
Conclusion
The studied black shales are highly mature, detrital and authigenic in origin. They are most probably derived from the basic volcanic rocks by intensive chemical weathering. The provenance constituted a part of passive and active continental margins similar to the Devonian/Mississippian shales in USA. Duwi Formation black shales are characterized by remarkably high organic matter and trace element contents, which were subjected to the diagenetic effect. The trace element enrichment is thought to be the result of efficient scavenging by sulfides and organic matter in euxic -anoxic sulfidic condition. These beds contain many economically valuable elements, such as V, Zn, Cr, Ni, As and Mo; and were probably the main source for mineralization in the region. The high mean values for Fe/Ti in the black shales suggest a biogenic and hydrothermal source for the iron.
The studied black shales have original composition enriched with many elements such as: V, Zr, Cd, Mo, Zn, Ca, P, and moderately rich with other elements such as: Cu, Ni, Br, Cr, while have low concentrations of some other elements such as: Si, Ti, Al, Fe, Mn, Mg, Sr, Na, k and Pb. The derived soil, which formed due to intensive physical and chemical weathering, contains high values of many elements. These elements can be useful as ore deposits. For example: these shales could be used as source of bentonite and some trace elements as Ni, Cu, Zn, Cr, Pb and Cd because these elements are more enriched in the studied soils than those for the Worldwide Soils.
Geochemical, petrographical and mineralogical characters revealed that the Cretaceous black shales of the Duwi Formation in Quseir-Safaga area were deposited under relatively euxinic to anoxic reducing marine environments, coupled with hydrothermal solutions. They are comparable to the Cretaceous Gulf of California, Posidonia, Cretaceous/Tertiary black shales and those in the Black Sea. The studied black shales can be classified as good to excellent source of oil and trace elements.
